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ABSTRACT-The October 1998 flood on the upper Guadalupe River system was produced by a 24-hour pre-
cipitation amount of 483 mm at one station, over 380 mm at several other stations, and up to 590 mm over five 
days, precipitation amounts greater than the 100-year storm as prescribed in Weather Bureau Technical Papers 40 
(1961) and 49 (1964). This study uses slope-area discharge estimates and published discharge and precipitation 
data to analyze flow characteristics of the three major branches of the Guadalupe River on the Edwards Plateau. 
The main channel of the Guadalupe has a single large flood-control structure at Canyon Dam and five flood dams 
on the tributary Comal River. On the upper San Marcos River there are five detention dams that regulate 80% of 
its drainage. The Blanco River, which has no structural controls, generated a peak discharge of 2,970 m3/s from 
a 1,067 km2 basin. Downstream of Canyon Dam, the Guadalupe River generated a peak discharge greater than 
3,000 m3/s from an area of 223 km2. The ev~nt exceeded the capacity of both the Comal River and San Marcos 
flood-control projects and produced spills that inundated areas greater than the 100-year floodplain defined by 
the Federal Emergency Management Agency. 
Key Words: Guadalupe River, hydrometeorology, structural flood control, Texas floods 
INTRODUCTION 
The October 1998 flood was a remarkable event in the 
history of the Guadalupe River system. Not only were the 
flood discharges generated by the storm a stark reminder 
of the flood potential of the region, but the effectiveness 
of headwaters flood-control structures during this event 
provided useful lessons on the ability of such structures 
to reduce downstream flood damage even when the storm 
exceeds their project design. Statewide, but mostly con-
fined to the Guadalupe and San Antonio river systems, 
the flood caused over $1 billion in property dam,ages and 
resulted in 31 deaths (USNCDC 2006c). 
This paper describes the October 1998 flood on the 
upper Guadalupe River system on the Edwards Plateau, 
upstream of its confluence with the San Marcos River 
(Fig. 1) and analyzes this flood event in the context of the 
regional flood hazard, effects of land use on the runoff 
that was generated, and the effectiveness of flood-control 
measures. This paper complements published reports of 
the flood by the U.S. Geological Survey (USGS) (Slade 
Manuscript received for review, July 2006; accepted for publication, 
October 2006. 
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and Persky 1999), the U.S. Natural Resource Conserva-
tion Service (USNRCS 1999), the Lower Colorado River 
Authority (LCRA 1999), and the National Weather Service 
(NWS 1999), as well as work by researchers at Texas State 
University (Earl and Wood 2002; Earl and Dixon 2005). 
UPPER GUADALUPE RIVER BASIN 
The focus of this paper is the Guadalupe River system 
upstream and west of the Ba1cones Escarpment. This 
region is on the Edwards Plateau landform section of the 
Great Plains landform province. East of the escarpment, 
the area known as the Blackland Prairie is a portion of the 
Atlantic and Gulf Coastal Plain (Fenneman 1931, 1938). 
By this definition, the 5,577 km2 study area includes the 
upper Guadalupe River, the Blanco River, and the San 
Marcos River and its headward extension known as Sink 
Creek. 
The climate of the study area is transitional between 
the humid SUbtropical characteristic of east Texas and the 
subtropical semiarid of south Texas. When mapped at 
the state scale, the area is "subtropical subhumid," which 
manifests itself by having the droughts characteristic of 
4 Great Plains Research Vol. 17 No.1, 2007 
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Figure 1. The study area showing the San Marcos, Blanco, and upper Guadalupe rivers, precipitation stations, and stream gauges 
used in this analysis. 
regions farther west and having the floods characteristic of 
coastal east Texas (Larkin and Bomar 1983; Bomar 1995). 
Long ago, for the classic volume Fluvial Processes in 
Geomorphology, the region was mapped as one of the two 
most flood-prone regions of the United States (Leopold 
et al. 1964, fig. 3-16). This flood hazard manifests itself 
because a variety of storm types can produce floods here. 
The region has a bimodal precipitation regime (Table 1) 
that reflects two of the more significant storm types. In 
late spring, cold fronts often produce vigorous squall 
lines when they encounter "juicy" maritime tropical air 
that has been drawn in from the Gulf of Mexico. In late 
summer and early fall, tropical storms and their remnants 
enter the region and sometimes stall over the Ba1cones 
Escarpment with devastating results (Slade 1986). Oc-
casionally the region is hit by a series of tropical easterly 
waves that produce prodigious amounts of precipitation 
over many days such as happened in June-July 2002 when 
an area of lO,770 km2 received greater than 5lO mm over 
lO days (USGS 2002). Cold-cored upper-level lows and 
even stationary fronts can produce flooding if high pres-
sure over the eastern Gulf of Mexico pumps maritime 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
TABLE 1 
THIRTY-YEAR (1971-2000) CLIMATE SUMMARY 
FOR BLANCO, TEXAS 
Record* 
Mean Mean of daily 
temperature precipitation precipitation 
(OC) (mm) (mm) 
January 8.1 45 82 (1968) 
February 10.4 53 118 (1961) 
March 14.5 67 80 (1992) 
April 18.2 69 206 (1949) 
May 22.4 115 207 (1958) 
June 25.9 106 130 (1997) 
July 27.7 51 117 (1903) 
August 27.6 60 120 (1942) 
September 24.6 83 444 (1952) 
October 19.4 106 175 (1959) 
November 13.5 68 161 (2001) 
December 9.2 60 105 (1913) 
Total for 18.4 883 444 (1952) 
year 
Source: USNCDC 2006a. 
* Period of record since 1895. 
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TABLE 2 
FIVE LARGEST FLOODS ON STREAMS OF THE UPPER GUADALUPE RIVER SYSTEM 
Guadalupe River Guadalupe River at 
at Spring Branch New Braunfels 
USGS gauge 08167500 08168500 
number 
Drainage area 3,406 3,932 
(km21 
Years 1923-present 1869-present 
Largest (m3/s) 4,540 >4,540 
August 1978 July 1869 
Second largest 3,430 >4,540 
(m3/s) July 1932 December 1913 
Third largest 3,290 4,020 
(m3/s) June 1997 October 1998 
Fourth largest 3,230 2,860 
(m3/s) June 1935 June 1935 
Fifth largest 2,680 2,700 
(m3/s) July 2002 July 1932 
Sources: Earl and Wood 2002; Earl and Dixon 2005; USGS 2006. 
* Gauge moved in 1994. 
tropical air into the region at low levels, and low pressure 
over northwestern Mexico pumps in mid-level moisture 
(Bomar 1995). Most streams in the region have had major 
floods in every month except January and February when 
high pressure over the continental interior blocks major 
intrusions of maritime tropical air masses (Table 2). 
For the Guadalupe River, the study area is west of In-
terstate Highway 1-35 in New Braunfels and includes the 
spring-fed Carnal River and its ephemeral tributaries. The 
Guadalupe River begins 200 km west of New Braunfels in 
Kerr County, where it is mostly fed by groundwater seep-
age. Both the San Marcos and Carnal rivers begin at large 
springs draining the Edwards Aquifer. The upper Carnal 
River is called the "Dry Carnal Creek" whereas the San 
Marcos River, upstream of San Marcos Springs,' is called 
Sink Creek. Carnal Springs, the largest springs west of the 
Mississippi River, has an average discharge of 8.5 m 3/s 
and has flowed continuously except in 1956 (Brune 2002). 
San Marcos Springs, approximately 1 km west of 1-35 and 
site of the former "Aquarena Springs" commercial theme 
park, is now owned by Texas State University under the 
name of "Aquarena Center." These springs have flowed 
continuously since they were discovered. Since gauging 
began in 1956, flow has varied between a minimum of 
1.3 m 3/s during the drought of 1956 and a maximum of 
12.8 m 3/s with a mean of approximately 5.2 m 3/s (USGS 
2006). Upstream of San Marcos Springs is the 124 km2 
San Marcos River Blanco River at Blanco River at 
at San Marcos Wimberley Kyle 
0817000/ 08171000 08171300 
08170500* 
247 919 1,067 
1921-present 1925-present 1929-present 
2,700 3,200 3,340 
September 1921 May 1929 May 1929 
2,200 3,060 3,260 
May 1970 November 2001 September 1952 
1,700 2,730 2,970 
June 1981 May 1958 October 1998 
1,300 2,690 2,780 
May 1958 September 1952 May 1958 
1,300 2,510 2,470 
October 1998 October 1998 November 2001 
Sink Creek basin with ephemeral flow. Downstream of 
San Marcos Springs, the upper San Marcos River receives 
drainage from Purgatory Creek and Willow Creek. The 
Blanco River, which begins in Kendall County approxi-
mately 120 km west of San Marcos, is mostly sustained 
by incremental groundwater contributions throughout its 
course, but does receive springflow from Jacobs Well that 
feeds Cypress Creek, which flows into the Blanco River 
in Wimberley. 
Gauging of these streams dates back to the early 
1900s. There are six gauges on the upper Guadalupe River 
and one on the Carnal River. The stream-gauging history 
of the San Marcos River began with USGS gauge 0817000 
in 1956 that was located immediately east of the present 
location of 1-35 and had a drainage area of 241 km2 • This 
gauge was replaced in 1989 with a groundwater-monitor-
ing well from which a regression equation was developed 
to give a baseflow/springflow value. Gauge 0817000 was 
replaced by gauge 08170500 located immediately down-
stream of San Marcos Springs on the bridge at University 
Drive in San Marcos in 1994. This gauge with a drainage 
basin of 124 km2 0nly measures flows up to 20 m3/s (USGS 
2000). This changing of gauge locations and mechanisms 
has made it difficult to construct a flood history of the San 
Marcos River (Earl and Wood 2002). 
The Blanco River upstream of its confluence with the 
San Marcos River has a drainage area of approximately 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
6 
1,190 km2 , with gauges at Wimberley (08171000 dating 
from 1924, 919 km2) and at Kyle (08171300 dating from 
1956, 1,072 km2). Because it has a significantly larger 
drainage basin than the San Marcos River, floods on the 
Blanco River have caused its floodwaters to back up into 
the lower reaches of the upper San Marcos River and has 
exacerbated the flooding damage in the eastern parts of 
San Marcos during the floods of 1970, 1981, 1985, and 
1998 (USNRCS 1999). 
As with most other locations along the Ba1cones Es-
carpment, the streams in the study area have an impressive 
flood record (Table 2). The 1970 flood on the San Marcos 
River, with a peak discharge of 2,200 m3/s, caused two 
deaths and produced $8 million damage in San Marcos 
and prompted community pressure for creation of an upper 
San Marcos River flood-control project to be built by the 
U.S. Soil Conservation Service (USSCS 1978). Funding 
for the project languished in Congress until another major 
flood hit San Marcos in 1981. This later flood prompted 
authorization of the upper San Marcos flood-control proj-
ect, which included five flood-detention dams on the Sink 
Creek and Purgatory Creek watersheds. These dams with 
a total storage capacity of 23 million m3 were designed 
to control a 250 mm 24-hour storm with 74-130 mm of 
runoff. Construction began in 1983 and was completed in 
1991; the project reduced the unregulated area of the up-
per San Marcos River from 241 to 47 km2 (USSCS 1978; 
Upper San Marcos Watershed, Reclamation, and Flood 
Control District 1991). There is a comparable flood-con-
trol project on the Comal River constructed between 1957 
and 1981 with four dams on the Dry Comal Creek and one 
on Blieders Creek that has reduced the unregulated drain-
age area from 337 to 133 km2 and has a combined storage 
capacity of23 million m3 (USNRCS 1999; Comal County 
Engineer's Office 2006). 
METHODS 
As stated in the introduction, this paper is intended 
to complement and expand governmental agency reports 
that were issued within a year or two of the October 1998 
flood. By focusing upon the flood on the Edwards Plateau, 
this study will provide more detailed information on the 
flood processes and characteristics and policy implica-
tions that stem from this information. Most of the hy-
drologic data for the report came from standard sources: 
U.S. Geological Survey (USGS) for stream-flow data and 
the National Climate Data Center (USNCDC) for pre-
cipitation data. When additional data was needed, such as 
precipitation estimates, the author used values from other 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
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Figure. 2. GOES-8 Satellite image at 1200 GMT on October 17, 
1998, showing moisture stream from Hurricane Madeline off 
the west coast of Mexico and convection plume over south-
central Texas (USNCDC 2006b) . 
published sources. To obtain estimates for peak discharge 
on ungauged streams, the author used the USGS-devel-
oped slope-area method (Dalrymple and Benson 1967). 
The author used the Thiessen polygon method (Dingman 
2002) to estimate precipitation amounts over portions of 
the basins for which there were no regional values. 
THE OCTOBER 1998 STORM 
The storm that produced the October 1998 flood was 
a remarkable event. There was a hurricane, or chubasco 
(Madeline), off the west coast of Mexico, an upper-level 
low over the Texas Panhandle, and a surface high over 
the eastern Gulf of Mexico that combined to funnel vast 
amounts of maritime tropical air into the region at a 
time of surface convergence (Figs. 2, 3, 4). An area of 
5,080 km2, including virtually all the upper San Marcos 
River watershed, the Comal River watershed, and the 
Guadalupe River watershed between Canyon Dam and 
New Braunfels, received over 400 mm during the October 
17-19 period (Fig. 5). A 1,370 km2 area, including the up-
per Purgatory and Cottonwood creeks, received more than 
510 mm during that three-day period. These spectacular 
totals are corroborated by official 24-hour totals of 401 
mm for San Marcos, 483 mm at Canyon Dam, 466 mm at 
New Braunfels, and 318 mm at Wimberley (USCOE 1998; 
USNCDC 1999). Additionally, "unofficial" 24-hour totals 
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Figure 3. Upper-level circulation 500 mb on October 17 1998, showing deep "trough" and upper-
level low to the northwest of Texas and high over the Southeast (USNOAA 2006) . 
Figure 4. Surface map dated October 17 1998, showing surface "trough" approaching south-central 
Texas and high pressure over the Southeast (USNOAA 2006) . 
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Figure 5.lsohyetal map for October 17-22,1998 (modified from 
Slade and Persky 1999). 
of 408 and 413 mm were measured along Sink Creek near 
the Freeman Dam and the Texas State University's Free-
man Ranch Headquarters (Earl and Kainer 2000). Over 
the five-day period of October 17-21, as much as 590 mm 
was recorded, with over three-fourths of this amount fall-
ing on one day, October 17, for most stations receiving 
over 500 mm for the five days (Table 3). 
When compared to the "official" 24-hour 100-year 
storm total of 254 mm according to the Rainfall Frequen-
cy Atlas (Hershfield 1961), this storm would appear to be 
something in excess of the "500-year" event. In actuality, 
most stations with long-term histories have had a number 
of events greater than 254 mm in 24 hours. San Marcos 
has had five events of 254 mm or greater in 24 hours dur-
ing its lIO-year observation record (Slade 1986; USNCDC 
2006a) Based upon the actual precipitation record for the 
long-term stations in the region, Earl and Dixon (2005) 
calculated that the 100-year 24-hour storm should be ap-
proximately 325 mm. Even with this higher value, three 
of the stations listed in Table 3 had greater than 100-year 
amounts. When the rainfall totals for the 1998 event are 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
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compared to the maximum probable storm estimates for 
the region, the October 1998 event comes out as approxi-
mately 70% of the maximum possible three-day extreme 
precipitation based upon the areas that received 400 and 
500 mm (Lanning-Rush et al. 1998). The greatest official 
24-hour precipitation for the October 1998 storm of 483 
mm at Canyon Lake Dam approaches the official central 
Texas regional record of 587 mm recorded at Taylor, Wil-
liamson County, in September 1921, but pales when com-
pared to the unofficial 970 mm at Thrall, approximately 
50 km northeast of Austin, from the September 1921 storm 
(Bomar 1995; Lanning-Rush et al. 1998; USNCDC 1999). 
RUNOFF AND DISCHARGE 
With large portions of the upper Guadalupe River 
receiving at least 300 mm, and most of the Comal and 
San Marcos river basins receiving 400 mm or more in 
24 hours, spectacular runoff and peak discharge values 
were produced (Tables 4,5,6). Over the entire study area, 
precipitation averaged 304 mm, of which 37% emerged 
as increased stream flow for the 15 days following the 
event (Table 7). All the detention dams of the upper San 
Marcos and Comal River projects filled and spilled con-
siderable discharges so that significant flooding occurred 
downstream of the flood-control structures (USNRCS 
1999). This was to be expected since the storm signifi-
cantly exceeded the 250 mm standard project flood of the 
structures (USSCS 1978; USNRCS 1999). Upstream of 
the flood-control structures, almost entirely in rural ranch 
land, damage was mostly confined to roads and fences 
(Davis 1999; USNRCS 1999). Downstream of the flood-
control structures, major flooding occurred on both the 
Guadalupe and San Marcos rivers. 
Employing the USGS slope-area method (Dalrymple 
and Benson 1967), the author obtained peak-discharge 
estimates and unit runoff for Sink Creek and other streams 
entering Freeman Ranch Dam, the largest of the upper 
San Marcos River flood-control structures with a drainage 
area of 87 km2 (Table 8). It is notable that for the drain-
ages entirely or largely within the Texas State University 
Freeman Ranch (Sub-basins B, C, and E), unit runoff was 
approximately 30% to 40% less than drainages primarily 
on non-university ranch land. This range of variability 
can largely be attributed to differences in land use in 
light of the similar soils (Batte 1984), geology (Hanson 
and Small 1995), and terrain of the region draining to the 
Freeman Ranch. These differences are within the vari-
ability of runoff that a large body of literature has shown 
to be explainable due to different grazing pressures and 
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TABLE 3 
DAILY AND ACCUMULATED PRECIPITATION TOTALS (IN MILLIMETERS) FOR SELECTED STATIONS 
ON OCTOBER l7-21, 1998 
Date Blanco Bulverde CanyonDam Kerrville New Braunfels 
Oct. 17 92 292a 34 30 466b 
Oct. 18 83 232c 483b 30 66 
Oct. 19 11 12 15 3 0 
Oct. 20 5 16 19 2 58 
Oct. 21 2 1 1 7 0 
Oct. l7-18 l75 524b 5l7b 60 532b 
Oct. l7-19 186 536b 532b 63 532b 
Oct. 17-20 191 552b 551 b 65 590b 
Oct. l7-21 193 553b 552b 72 590b 
Sources: USNCDC 1999,2001, 2006a; storm event definitions: Hershfield 1961; Miller 1964. 
a> 100-year event. 
b >50% over 100-year event. 
c >50-year event. 
TABLE 4 
San Marcos Wimberley 
401b 0 
73 318a 
51 13 
47 25 
2 2 
474b 318a 
525b 33P 
572b 356a 
574b 358a 
DISCHARGE (M 3/S) ON THE GUADALUPE RIVER MAIN STEM, OCTOBER 16-21, 1998 
Drainage area Oct. 16 Oct. 17 Oct. IS 
(km2) 
North Fork Guadalupe near Hunt 438 0.9 0.9 1.0 
08165300 
Guadalupe at Hunt 746 1.6 1.8 2.0 
0816550 
Guadalupe at Comfort 2,170 4.3 5.2 9.8 
08167000 
Guadalupe at Spring Branch 3,410 5.3 442.0 156.0 
08167500 
Guadalupe at Sattler 3,720/10* 3.4 34.9 9.l 
08167800 
Guadalupe at New Braunfels 3,930/223* 4.9 1,060.0 382.0 
08168500 
Comal River at New Braunfels 337 7.7 624.0 368.0 
08169000 
Source: USGS 2006. 
* Drainage area below Canyon Dam. 
TABLE 5 
Oct. 19 Oct. 20 Oct. 21 
1.0 1.0 1.0 
2.0 1.9 1.9 
9.6 7.7 7.l 
45.0 26.0 20.0 
2.7 1.8 1.2 
41.7 28.9 22.5 
119.0 40.0 25.0 
Oct. 17 Peak runoff 
peak (mm/hr) 
- -
- -
- -
1,460 1.6 
290 102.0* 
4,020 66.0* 
2,080 23.0 
Au: zeros and decimal 
points were added to 
columns for consis-
tency. Confirm? 
DISCHARGE (M 3/S) ON THE SAN MARCOS RIVER OCTOBER 16-21, 1998 
Drainage Oct. 16 Oct. 17 Oct. 18 Oct. 19 Oct. 20 Oct. 21 Oct. 17 Peak runoff 
area (km2) peak (mm/hr) 
San Marcos River at 127 6.l l76.0 133.0 46.7 29.5 23.2 610 l7 
San Marcos 
08170500 
Source: USGS 2006. 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
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TABLE 6 
DISCHARGE (M3/S) ON THE BLANCO RIVER, OCTOBER 16-21, 1998 
Drainage Oct. 16 Oct. 17 Oct. IS Oct. 19 Oct. 20 Oct. 21 Oct. 17 Peak runoff 
area (km2) peak (mm/hr) 
Blanco River 919 2.1 589 192 76 56 41 2,510 10 
at Wimberley 
08171000 
Blanco River 1,067 1.4 737 241 88 76 56 2,970 10 
at Kyle 
08171300 
Source: USGS 2006. 
TABLE 7 
CALCULATION OF TOTAL RUNOFF GENERATED OCTOBER 16-31, 1998 
Location Drainage area Runoff in excess of Precipitation Precipitation Runoff/ 
(km3) 
Canyon Lake 3,709 
Guadalupe River at lOb 
Sattler 
Guadalupe River at New 223b 
Braunfels 
Comal River 337 
San Marcos River at San 241 
Marcos 
Blanco River at Kyle 1,067 
Upper Guadalupe Basin 5,577 
total 
a Thiessen polygon method. 
b Drainage area below Canyon Dam. 
e See text for explanation. 
d Value from USNRCS 1999. 
baseflow 
(million m3) 
166.7 
3.98 
128.2 
135.2 
73.8 
120.0 
633.5 
range management strategies (Thurow et al. 1988; Frasier 
et al. 1995; Trimble and Mendel 1995). Other high runoff 
coefficients were computed for drainages upstream of the 
Comal River flood-control structures (Table 9). 
As shown in Table 7, the runoff coefficient calculated 
for the section of the Guadalupe River between Canyon 
Dam and upstream of the Comal River came out to l.01 
based upon mean daily flow at gauge 08168500 (Guada-
lupe River at New Braunfels; Table 4) above Comal River 
and precipitation at Canyon Dam and New Braunfels 
(Table 3). It is likely that either the precipitation estimate 
is too low or the runoff measurements are too high or 
some combination of the two. Neither of the reports on 
the flood event that contained isohyetal maps showed 
© 2007 Center for Great Plains Studies, University of Nebraska~Lincoln 
(mm) (million m3) Precipitation 
2563 949.5 0.18 
552 5.2 0.76 
571" 127.3 1.01c 
559d 188.3 0.72 
483d 116.4 0.63 
2953 314.8 0.38 
304 1,696.6 0.37 
precipitation greater than those for the above two weather 
stations (Slade and Persky 1999; USNRCS 1999). Us-
ing precipitation data from Canyon Dam, less than 1 km 
away, the gauge at Sattler received 3.997 million m3 of 
runoff from 522 mm over that 10 km2 watershed, which 
yields a runoff coefficient of 0.76. This latter value is 
comparable with the runoff coefficients generated on the 
Comal River and Sink Creek watersheds upstream of their 
flood-control structures. This runoff coefficient and the 
confirmation of negligible releases from Canyon Dam, as 
measured at the Sattler gauge, suggests that discharge es-
timates for the New Braunfels gauge are too high. Gauge 
readings at New Braunfels could have been increased by 
backwater effects of Comal River floodwaters entering the 
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TABLE 8 
PEAK RUNOFF AND DISCHARGE IN THE SINK 
CREEK BASIN AT FREEMAN RANCH DAM 
BASED UPON PEAK DISCHARGE OBTAINED BY 
THE USGS SLOPE AREA METHOD 
Sub-Basin Area Peak Peak unit 
(km2) discharge runoff 
(m3/s) (mm/hr) 
A Main channel 48.6 1,040.0 78 
B 0.8 9.8 46 
C 2.2 39.7 53 
D 15.2 360.0 86 
E 1.4 22.7 56 
Total 86.9 1,870.0 79 
Spillway - 330.0 -
Source: Modified from Earl and Wood 2002. 
river less than 1 km downstream from gauge 0816B500. If 
the runoff coefficient of 0.76 is applied to the entire 223 
km2 drainage between Canyon Dam and gauge 08168500, 
total runoff produced would have been on the order of 
96.5 million m3• If the peak discharge is decreased a 
similar amount, it would be approximately 3,030 and not 
4,020 m 3/s. 
In light of the above discrepancy it is difficult to assess 
the reported discharge of the next downstream gauge on 
the Guadalupe, downstream of the confluence with the 
Comal River. Gauge 08169500 at the 1-35 bridge is listed 
as having a peak discharge of 6,290 m 3/s. That discharge 
makes it the largest flood since discharge measurements 
were recorded beginning in 1915, but not the flood of 
record, as higher stages were observed in 1913 and 1869 
(USGS 1998; Earl and Dixon 2005). Canyon Dam did not 
exist at the time of the earlier events, and the 1998 peak 
might well have exceeded those earlier values if the dam 
had not been there to contain the floodwaters upstream of 
the dam. 
In spite of the flood-control dams, downstream dis-
charges ranked the 1998 event the fourth-largest flood 
on the San Marcos River since 1956 (Table 2; Table 10). 
Without the flood-control dams, the flood would have been 
nearly as large as, or larger than, the 1921 flood. Based on 
a 241 km2 drainage area with 51 mm/hour peak runoff, a 
peak discharge of 3,460 m3/s would have been produced. 
This estimate is supported by the peak discharge at the 
Guadalupe River at New Braunfels, above the Comal 
River, which had a peak discharge of somewhere between 
TABLE 9 
PEAK RUNOFF AND DISCHARGE FOR COMAL 
RIVER FLOOD-CONTROL STUCTURES 
Structure / Area Peak Peak Peak 
Drainage (km2) inflow unit spill 
(m3/s) runoff (m3/s) 
(mm/hr) 
Site 1 Krause Dam 48 820 62 350 
Site 2 Schuetz Dam 78 1,000 46 460 
Site 3 Blieders Creek 30 380 33 150 
Dam 
Source: USNRCS 1999. 
TABLE 10 
CALCULATION OF DISCHARGE OF SAN MARCOS 
RIVER AND ITS TRIBUTARIES AT SITE OF 
FORMER GAUGE 08170000 
Stream, location Drainage Maximum 
area discharge 
(km2) (m3/s) 
Inflow to Spring Lake-spill 124 420 
Hopkins St. Bridge-USGS 130 610 
estimate (Slade and Persky 
1999) 
Purgatory Creek inflow to San 79 280 
Marcos River-spill 
Other unregulated runoff 32 420 
Estimated peak at former 241 1300 
location of gauge 0817000 
Source: Modified from Earl and Wood 2002. 
3,030 and 4,020 m3/s from a 223 km2 contributing area, 
which yields a peak runoff of 50 to 66 mm/hour (Slade 
and Persky 1999). In their analysis of the flood, USNRCS 
(1999) personnel estimated that the upstream flood-con-
trol dams lowered the stage of the 1998 flood by 0.75 m 
above Spring Lake to 3.0 m east of 1-35. The 0.75 m value 
approximates the difference between the 1998 and 1970 
floods as observed at the University Avenue bridge, which 
is immediately downstream of Spring Lake. When the 
3.0 m is added to the 8.7 m stage value for the comparable 
1958 flood with 1300 m 3/s, the stage for the 1998 flood 
would have been 11.7 m, which is 1 m higher than the 
10.7 m observed with the 1970 flood. Following this latter 
reasoning, based on USNRCS estimates, the peak flood 
would have been 0.9 m lower than the 1921 peak but still 
impressive, with a discharge of approximately 2,630 m 3/s. 
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TABLE 11 
COMPARISON OF 1998 FLOOD DISCHARGE TO MODELED lOO-YEAR 
AND POTENTIAL EXTREME PEAK DISCHARGE 
Location Drainage area Oct. 1998 peak tOO-year, Extreme peak 
(km2) 
Guadalupe River at Spring Branch 3,410 
Guadalupe River at Sattler* 10 
Guadalupe River at New Braunfels, 223 
above Comal River* 
Comal River at New Braunfels 337 
Sink Creek at Freeman Dam 87 
Upper San Marcos River 241 
Upper San Marcos River 241 
Estimated wlo dams 
Blanco River at Wimberley 919 
Source: Asquith and Slade 1995; Slade et al. 1995. 
* Drainage area below Canyon Dam. 
Work by Raymond Slade and his colleagues at the 
USGS in Austin, TX, on flood probabilities as a function 
of basin size facilitates an analysis of the 1998 flood in the 
context of regional flood probabilities (Asquith and Slade 
1995; Slade et al. 1995). As can be seen in Table 11 the 
discharges observed going into the Freeman Ranch Dam 
were approximately 60% of the potential extreme peak for a 
basin of that size in the Balcones Canyonlands region. The 
discharges observed were in excess of the "100-year" event 
predicted by the regression equations developed by Slade et 
al. (1995). When the runoff curves employed by the USSCS 
(1978) to design the flood-control structures are combined 
with the lOO-year, I-hour storm (Hershfield 1961), the 
method yields lOO-year flood-discharge values that are 
less than the estimated values predicted by the Slade et al. 
(1995) equations and considerably less than the October 
1998 peak discharge calculated for Freeman Dam. 
Flood peaks on the Blanco River at Wimberley, while 
impressive, did not obtain the record or near-record 
amounts that were recorded on the Guadalupe and San 
Marcos rivers. This is due to upstream portions of that 
basin being north and west of the peak rainfall (Fig. 
5). Three years later, in November 2001, the Blanco at 
Wimberley recorded its second-largest flood of record, 
nearly 20% greater than the October 1998 flood. Farther 
downstream on the Blanco River at Kyle, 5 km upstream 
of its confluence with the San Marcos River, the situation 
was reversed, with the 1998 flood being 17% larger than 
in 2001, but considerably less than floods in 1929 and 
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(m3/s) USGS method (m3/s) (m3/s) 
1,460 7,790 26,900 
290 190 570 
3,030/4,020 1,090 7,370 
2,080 1,580 10,800 
1,870 5,70 3,110 
1,300 930 7,930 
3,460 930 7,930 
2,510 3370 19,800 
1952 (Table 2). However, even the Kyle gauge, because of 
its much larger watershed of 1,067 km2, did not obtain the 
high unit peak runoff or runoff coefficients obtained for 
the entire San Marcos watershed, the Comal River water-
shed, and the Guadalupe River between Canyon Dam and 
New Braunfels. 
In the 1960s and 1970s the U.S. Army Corps of 
Engineers and the Guadalupe-Blanco River Authority 
conducted studies for a flood-control dam on the Blanco 
at Clopton Crossing, approximately 4 km southwest of 
Wimberley. This dam would have had a drainage area of 
795 km2, thereby reducing the unregulated contributing 
area at Wimberley to less than 15% of its present value. 
This dam would have had a flood-storage capacity of 
148.3 million m3, which means that it could have stored 
the entire October 1998 flood flow of 96.9 million m3 at 
Wimberley and released at a maximum rate of 250 m3/s 
(USCOE 1980). Downstream of the proposed dam, peak 
runoff would have been approximately 45 mm/hr based 
on values from the adjacent Sink Creek watershed and 
the runoff observed between the gauges at Wimberley 
and Kyle. With a maximum release of 250 m3 Is and a 
maximum runoff of 45 mm/hr from the drainage area 
below the dam, the peak discharge at Wimberley would 
have been 1,800 m3/s and would have been 2,400 m3/s at 
Kyle. These values are 20% to nearly 30% less than the 
actual observed discharges (Table 6) but show the effect 
that the heaviest precipitation occurred downstream of 
the proposed dam site (Fig. 5). In their 1980 study the 
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u.s. Army Corps of Engineers did not recommend con-
struction of that dam because its benefit-to-cost ratio was 
less than 1.00 (USCOE 1980). However, in 2003 Engelke 
recalculated the flood-control, water-supply, recreational, 
and aesthetic benefits of the dam and concluded that it 
would have a benefit-to-cost ratio greater than 1.00 under 
present-day conditions (Engelke 2003). 
FLOODING DAMAGE 
The high flood discharges, which in both downtown 
New Braunfels and San Marcos exceed the FEMA-de-
fined 100-year flood, resulted in considerable damage. 
According to the U.S. National Oceanic and Atmospheric 
Administration's "Event Record Details," over $250 
million in damages were produced in Comal County 
(New Braunfels/Canyon Lake) and over $50 million in 
Hays County (San Marcos/Wimberley/Kyle) (USNCDC 
2006c, 2006d). In San Marcos, the spill from the flood-
control dams caused considerable flooding, with approxi-
mately 86 ha inundated west of 1-35, damaging a number 
of houses. The area flooded was more than twice the 41 ha 
mapped as 100-year floodplain on the 1998 FEMA FIRM 
maps (USFEMA 1998; Adamitz 1999). At the University 
Drive bridge, approximately 1 km west of 1-35, high water 
marks from this event were approximately 0.6 m lower 
than the high water marks of the 1970 storm but slightly 
higher than the 1981 flood. On the current FEMA map, 
the 1970 flood, with a discharge of 2,700 m3/s, would have 
inundated most of the 500-year floodplain. 
Relatively minor damage occurred on the San Marcos 
River upstream of San Marcos and on the ephemeral 
tributaries of the Comal River. Only bare earth sites, usu-
ally sites currently or recently under construction, and 
the spillways of the flood-control structures experienced 
significant erosion. According to the USNRCS post-flood 
analysis (1999), Freeman Dam and Site 3 Dam on Sink 
Creek experienced "minor spillway erosion," and Sites 4 
and 5 on Purgatory Creek experienced "scour in exit sec-
tion." Similar erosion was noted in the spillways of the Co-
mal River structures, with a maximum erosion of 23,000 
m3 occurring on Site 1 (USNRCS 1999). The main chan-
nel of the San Marcos River in San Marcos experienced 
net sedimentation. In particular, where tributary streams 
entered the main channel, there was net deposition. This 
was most noticeable where Sessoms Creek entered the 
main channel at the University Drive bridge. A large sedi-
ment bar in which the largest clasts had a mean diameter of 
approximately 100 mm formed in the main channel, which 
not only indicates the erosive power on the tributary stream 
but indicates the limited maximum stream power in the 
main channel (Earl and Wood 2002). 
Much worse flooding was experienced in downtown 
New Braunfels and along the Guadalupe River down-
stream of Canyon Dam. A 1,050 ha area, 41 % larger than 
the updated 2005 FEMA 100-year floodplain, was inun-
dated within the city limits (Comal County Engineer's 
Office 2006; USFEMA 2006). As summarized below, 
damage was extensive: 
Homes were destroyed, moved down-
stream, or severely damaged from just below 
Sattler, near the Bear Creek confluence, across 
the remainder of the county. Homes along the 
entire reach were flooded well away from the 
channel, in areas that never flooded before. 
Along River Road, numerous automobiles, 
recreational vehicles, and homes were strewn 
along the floodplain. 
Recreational camps and outfitters' head-
quarters buildings were destroyed. Homes near 
Common Street in New Braunfels had slabs 
as low as 12.5 feet. These homes had 23 feet 
of torrential flow over the slabs. At the New 
Braunfels gauge below the Comal River conflu-
ence just above 1-35, the Guadalupe crested at 
39.3 feet, again some 3 feet above the disastrous 
flood of May 12, 1972. Water seeped into the 
Pepperell Mills plant. A large apartment com-
plex on the left bank just downstream received 
flow through the windows of the lowest floors. 
Water was within 5 feet of the 1-35 bridge bot-
tom. Below 1-35, fine two-story homes were 
destroyed or severely damaged. Several RV 
trailers were washed from an RV park below 
the 1-35 bridge (USNCDC 2006d:1). 
In response to this flooding damage, 22 properties 
were purchased as "floodplain buyouts" within the city 
limits of New Braunfels (City of New Braunfels Engineer-
ing Department unpublished data 2006). These areas are 
being cleared and revegetated with riparian forest vegeta-
tion and set aside as park open space. 
DISCUSSION 
This comparison of the discharges that occurred in 
the 1998 flood with various statistical and modeled dis-
charges confirms the magnitude of this event. Without 
the flood-control dams, the 1998 flood would have been 
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TABLE 12 
COMPARISON OF 1998 PEAK DISCHARGE WITH FLOOD OF RECORD FOR STREAMS IN THE 
GUADALUPE RIVER SYSTEM 
Stream gauge 1998 Peak discharge 
(m3/s) (stage) 
Guadalupe River at Spring Branch 2,680 
Guadalupe River at New Braunfels 142,000 
above Comal River 
Guadalupe River at New Braunfels 6,280 (11.7 m) 
below Comal River 
San Marcos at San Marcos 1,300 
Blanco River at Wimberley 2,510 
Blanco River at Kyle 2,970 
Downstream of study area: 
Guadalupe River at Cuero 13,400 (14.4 m) 
Guadalupe River at Victoria 13,200 
San Marcos River at Luling 5,840 
Sources: USCOE 1980; Slade and Persky 1999; USGS 2006. 
nearly as large as, or larger than, the flood of record for 
both the Guadalupe at New Braunfels and the San Marcos 
at San Marcos. Even with the flood-control structures, the 
1998 flood was the third largest on record for the Guadal-
upe at New Braunfels and the fourth largest on record for 
the San Marcos. The magnitude of these discharges and 
the extent of flooding imply that modeled values for the 
100-year event are artifacts of unrealistically low rainfall-
frequency amounts that have been used in the region. As 
mentioned previously, when the actual precipitation re-
cord of the region is analyzed the 24-hour event calculates 
to approximately 325 mm. Even with these higher values 
for the 100-year storm, the areas above the flood-control 
dams received more than the 100-year event but did not 
come close to generating the maximum probable flood 
or potential extreme flood. Nevertheless, the 1998 flood 
was notable for coming close to or exceeding the flood of 
record for many streams in the region (Table 12). 
LESSONS FROM THE FLOOD OF 1998 
The October 1998 flood was an impressive event and 
reminded residents of several important lessons. First, 
flood-control structures reduced but did not eliminate 
downstream flooding. Canyon Dam contained all the 
166.7 million m3 runoff produced upstream of the dam. 
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(Previous) Flood of record Ratio of 1998/ 
(m3/s) (stage) / year (Previous) Flood of record 
4,530/1978 0.59 
- -
(12.0 m) / 1869 <1.00 
(12.0 m) / 1913 
2,700/1921 0.48 
3,200/1929 0.78 
3,940/1929 0.76 
(13.5 m) / 1936 >1.00 
5,070 /1936 2.60 
6,370/1869 0.92 
Both the upper San Marcos and Comal river flood-con-
trol projects significantly reduced flooding downstream 
but their spills still resulted in impressive discharges in 
downtown San Marcos and in New Braunfels. Indeed, 
both cities had flooding that exceeded 100-year flood 
discharges, which had been lowered on account of up-
stream flood-control projects. Nevertheless, without the 
upstream flood control, the 1998 flood would have been 
close to the flood of record for the upper San Marcos 
River and possibly so for the Guadalupe River in New 
Braunfels. In both cities the 1998 event flooded an area 
considerably larger than the regulatory 100-year flood-
plain as defined by the FEMA maps. The severity of the 
flood should serve as a reminder of the costs of under-
estimating the potential for storms greater than 250 mm 
over 24 hours and greater amounts over several days. 
Hopefully, civic leaders and decision makers, as well as 
the public at large, will realize that the 1998 flood was a 
"typical" major flood that is characteristic of the climate 
of the region, a grim reality that was confirmed by the 
2001 and 2002 floods. 
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